This study sought to determine the risk of ischemic stroke (IS)/thromboembolism (TE) associated with renal impairment and its incremental predictive value over established risk stratification scores (congestive heart failure, hypertension, age Ն75 years, diabetes, previous stroke [CHADS 2 ] and congestive heart failure, hypertension, age Ն75 years, diabetes, previous stroke, vascular disease, age 65 to 74 years, sex category (female) [CHA 2 DS 2 -VASc]) in patients with atrial fibrillation (AF).
of 132,372 individuals with AF, 3,587 individuals had CKD, which was associated with increased risk of IS/TE and bleeding (15) , confirming observations of previous smaller studies (14, 16, 17) . This study also showed the benefit of vitamin K antagonist (VKA) therapy on IS/TE outcomes in the setting of CKD, although both VKA and aspirin were associated with an increased risk of bleeding (15) .
Renal function is quantified by urinary creatinine clearance or by the estimated glomerular filtration rate (eGFR) (18 -20) , but few studies have considered the association between eGFR and long-term outcomes in individuals with AF, and existing studies have tended to consider renal function as a dichotomous variable (2) (3) (4) 14) . Also, patients with renal failure have been excluded from randomized trials of IS prevention in AF.
The importance of risk prediction tools for IS/TE (congestive heart failure, hypertension, age Ն75 years, diabetes, previous stroke [CHADS 2 ] [21] ; and congestive heart failure, hypertension, age Ն75 years, diabetes, previous stroke, vascular disease, age 65 to 74 years, sex category (females) [CHA 2 DS 2 -VASc] [22] ) in prognosis and treatment planning in AF patients is recognized by their inclusion in major international guidelines (23, 24) . Renal failure is included as a dichotomous variable in risk prediction tools for bleeding but not included in risk prediction tools for IS/TE (25) (26) (27) , although the possibility of adding renal impairment (as the little "c") to the CHA 2 DS 2 -VASc score has been previously proposed (28, 29) . In a small study of selected AF patients post-catheter ablation, renal dysfunction-defined by eGFR Ͻ60 ml/min/1.73 m 2 -independently increased the risk of TE (hazard ratio [HR]: 6.8; 95% confidence interval [CI]: 4.2 to 12.1) (30) . Therefore, better understanding of the impact of renal function on IS/TE outcomes in a more representative "real-world" population of AF patients is required.
The present study represents the first analysis to consider the association between renal function, as measured by serum creatinine level or eGFR, and the risk of IS/TE events in a "real-world" population of individuals with AF, unrestricted by age or comorbidity. We also investigated the incremental predictive value of adding renal function to established IS risk scores in AF (CHADS 2 and CHA 2 DS 2 -VASc).
Methods
Study population. The methods of the Loire Valley Atrial Fibrillation Project have been previously reported (31) . Patients were followed from the first record of AF after January 1, 2000 (i.e., index date) up to the latest data collection at the time of study (December 2010) (see the Methods section in the Online Appendix). Treatment at discharge was obtained by screening hospital stay reports, and information on comorbidities was obtained from the computerized coding system. Patients were excluded from the study if there were no available data with regard to the baseline serum creatinine level at the time of first diagnosis of AF (Fig. 1) . For each patient, the CHADS 2 (21); CHA 2 DS 2 -VASc (22); and hypertension, abnormal renal/ liver function, stroke, bleeding history or predisposition, labile international normalized ratio, elderly (Ͼ65 years), drugs/alcohol concomitantly (HAS-BLED) (25) scores were calculated (Table 1) . Assessment of renal function. Serum creatinine levels were taken at baseline, which was at first diagnosis of AF. Index date was the time of the first record of AF and thus the serum creatinine (and hence eGFR) measurement was from that index date.
Renal impairment was defined as reported history of renal failure or baseline serum creatinine level of Ͼ133 mol/l in men and Ͼ115 mol/l in women (32) . To convert serum creatinine from mol/l to mg/dl, the former was multiplied by a conversion factor of 88.4. Current consensus guidelines state that prediction equations have greater consistency and accuracy than serum creatinine in the assessment of GFR (18 -20,33-35) . In addition, prediction equations are equivalent or better than 24-h urine creatinine clearance in all but 1 study (19, 20, 36) . The eGFR (ml/min/1.73 m 2 ) was calculated (see the Methods section in the Online Appendix). Outcomes. During follow-up, information on outcomes of TE (including peripheral artery embolism and transient ischemic attack), stroke (ischemic or hemorrhagic), bleeding, and all-cause mortality were recorded. In this study, the outcome of interest was IS/TE. Hemorrhagic strokes were excluded in our analyses. Statistical analysis. The study population was stratified into 3 categories according to eGFR (in ml/min/1.73 m 2 ), corresponding to the stages of CKD: Ն60, 30 to 59, and Ͻ30 ( Fig. 1) (18 -20) . Because data with regard to proteinuria were not available, stage of renal impairment could not be defined. Baseline characteristics were determined separately for the 3 eGFR strata, and differences were investigated with the chi-square test for categorical covariates and the KruskalWallis test for continuous covariates. Baseline characteristics were also determined by the presence or absence of renal impairment and then further stratification by eGFR. First, overall rates of IS/TE were calculated for patients with CHADS 2 and CHA 2 DS 2 -VASc scores. Thereafter, rates were determined separately for patients with and without renal impairment and by eGFR separately and then by renal impairment with further stratification by eGFR. Second, Cox proportional-hazard regression models were constructed to investigate whether renal impairment and eGFR were independent predictors of IS/TE. The risks associated with renal impairment and eGFR were estimated in a univariate analysis, a sex-and age-adjusted analysis, an analysis adjusted for the risk factors included in the CHADS 2 score, and a multivariate analysis adjusted for all baseline characteristics in Table 1 , which were statistically significant (p Ͻ 0.05). All analyses were repeated by eGFR category and by combined stratification by renal impairment and eGFR. Furthermore, to test whether the results were influenced by patients initiating treatment with VKA, we performed additional analyses excluding patients at the initiation of such treatment.
The value of adding renal impairment and eGFR to the CHADS 2 score was evaluated by Net Reclassification Improvement (NRI) and Integrated Discrimination Improvement (IDI), as previously described (37) . Finally, we also assessed the predictive capability of CHADS 2 with c-statistics estimated from Cox regression models with the method described by Liu et al. (38) . In estimating the c-statistics, the CHADS 2 score was analyzed as categoric risk groups (low/intermediate/high), and the effect of adding renal impairment to the score was determined.
The NRI, IDI, and the c-statistic were used to test the impact of adding renal impairment to the 2 scoring systems (CHADS 2 and CHA 2 DS 2 -VASc) in 4 different statistical models by adding: 1) 1 point for renal impairment; 2) 1 point for eGFR ϭ 30 to 59 and 2 points for eGFR Ͻ30; 3) 1 point for renal impairment and 2 points for renal impairment and eGFR Ͻ30; and 4) 1 point for eGFR Ͻ30. These different models use the most common definitions of renal function (by eGFR and serum creatinine) in different ways to add to CHADS 2 and CHA 2 DS 2 -VASc in the most user-friendly way. This approach assesses which (if any) method of adding renal impairment to either of the stroke risk scores added predictive value. We felt it was important to explore the impact of renal (dys)function in different statistical models, because renal impairment is a continuum and not just a "yes/no" phenomenon. In short, the different tested models aimed to find the most user-friendly and useful stroke risk prediction tool incorporating renal function.
A 2-sided p value Ͻ0.05 was considered statistically significant. All analyses were performed with SPSS statistical software (version 18.0, IBM, Chicago, Illinois), and NRI and IDI calculations were performed with R statistical software (version 2.12.2, University of Auckland, Auckland, New Zealand).
Results
Of 8,962 eligible individuals, 5,912 (66%) had nonvalvular AF and available serum creatinine data, allowing the eGFR Values are mean Ϯ SD or n (%). According to the congestive heart failure, hypertension, age Ն75 years, diabetes, previous stroke (CHADS 2 ) and congestive heart failure, hypertension, age Ն75 years, diabetes, previous stroke, vascular disease, age 65 to 74 years, sex category (female) (CHA 2 DS 2 -VASc) scores, patients with a score of 0 on either schema were considered as "low risk," 1 as "intermediate risk," and Ն2 as "high risk" of stroke and thromboembolism. The Hypertension, Abnormal renal/liver function, Stroke, Bleeding history or predisposition, Labile International Normalized Ratio, Elderly (Ͼ65 years), Drugs/alcohol concomitantly (HAS-BLED) score is a validated scoring system for bleeding risk stratification in atrial fibrillation (AF) patients (25) . Patients with HAS-BLED score of 0 to 2 were deemed to have "low-moderate" bleeding risk, and those with HAS-BLED score of Ն3 were classified as "high" bleeding risk. CHADS 2 (1 point each for heart failure, hypertension, age Ն75 and diabetes, and 2 points for prior stroke or thromboembolism); CHA 2 DS 2 -VASc (1 point for heart failure, hypertension, diabetes, vascular disease, age 65 to 74, and female sex; 2 points for prior stroke or thromboembolism and age Ն75). ACEI ϭ angiotensin-converting enzyme inhibitor; eGFR ϭ estimated glomerular filtration rate; ICD ϭ implantable cardiac defibrillator; INR ϭ international normalized ratio. 
to be calculated (Fig. 1) . Of the cohort, 3,944 individuals had Յ1 year of follow-up, whereas 1,444 individuals had 2 to 5 years of follow-up, and 524 had 6 to 10 years of follow-up. Thus, 14,499 patient-years of follow-up were included in the analysis, with mean follow-up of 2.45 Ϯ 3.56 years. We focused on the 1-year outcomes in our analyses.
Of the cohort, 1,537 (26%) individuals had renal impairment, and of these, 341 (5.8%) had eGFR Ͻ30 ml/min/ 1.73 m 2 ( Fig. 1) . Online Figure 1 illustrates the study population by eGFR alone. Baseline characteristics are shown in Table 1 by renal impairment and eGFR category and in Online Table 1 by eGFR category. Individuals with renal impairment were older, more likely to be male, less likely to have paroxysmal AF, more likely to have comorbidities, and at higher risk of stroke/TE (assessed by CHADS 2 and CHA 2 DS 2 -VASc scores) and bleeding (assessed by HAS-BLED score) ( Table 1 ). Similar trends were present when those with renal impairment were further stratified by eGFR (Table 1) and when the overall population was stratified by eGFR (Online Table 1 ).
Of 434 IS/TE events, 171 (39.4%) occurred within the first year. Table 2 shows the rates of stroke/TE per 100 person-years according to the presence or absence of renal impairment in patients with CHADS 2 score ϭ 0 and in the overall population. Subjects with normal renal function had lower event rates for IS/TE at 1 year. Patients with renal impairment had a higher rate of stroke/TE, and patients with eGFR Ͻ30 ml/min/1.73 m 2 had a higher rate than those patients with eGFR 30 to 59 ml/min/1.73 m 2 in the overall population. Due to the small number of individuals with CHADS 2 score ϭ 0, there were no events in the eGFR Ͻ30 ml/min/1.73 m 2 category, and the rate of IS/TE could not be calculated for this particular category, and CIs for event rates in other subgroups of renal function were wide.
Rates of stroke/TE were 3.3% and 7% at 1 year in individuals with eGFR Ն60 ml/min/1.73 m 2 and with eGFR Ͻ30 ml/min/1.73 m 2 , respectively. The corresponding rates of all-cause mortality at 1 year were 4.2% and 17.6%, respectively (Online Fig. 2 ).
Online Table 2 displays the rates in patients with a CHA 2 DS 2 -VASc score ϭ 0 to 1. Only 91 patients with renal impairment had a CHA 2 DS 2 -VASc score ϭ 1 and only 2 events occurred in this subgroup. No statistically significant differences in IS/TE rates were observed between individuals when this subpopulation was stratified by renal function. Table 3 shows the results from the Cox regression analyses, showing the association of risk factors and risk of IS/TE. As a categoric variable (but not as a continuous variable), eGFR was an independent predictor of IS/TE in AF at 1 year follow-up-after adjustment for age, sex, and CHADS 2 risk factors-but not for baseline characteristics. Renal impairment did not significantly increase the risk of IS/TE in univariate analyses or after adjustment for CHADS 2 risk factors, age, sex, or baseline characteristics at 1 year. When considered as a continuous variable, eGFR was also not associated with an increased risk of IS/TE at 1 year.
Online Table 3 shows analogous results from Cox regression analyses after excluding patients on a regimen of vitamin K antagonists at baseline (n ϭ 3,592; 60.8%). Renal Figure 2 illustrate the results from Cox regression analyses evaluating differences in IS/TE risk according to renal function, confirming that renal impairment and eGFR did not significantly increase the risk of IS/TE after univariate or multivariate models at 1 year. Table 4 illustrates the impact of adding renal impairment to the CHADS 2 and CHA 2 DS 2 -VASc scores, as measured by NRI, IDI, and c-statistic. Online Table 4 shows the same analysis confined to only those patients with at least 1 year of follow-up (294 IS/TE events in 2,663 individuals over the study period).
In the overall study population, the c-statistic for the CHADS 2 (HR: 0.64; 95% CI: 0.61 to 0.67) and CHA 2 DS 2 -VASC (HR: 0.64; 95% CI: 0.62 to 0.67) were similar. There was no statistically significant improvement in either the CHADS 2 or the CHA 2 DS 2 -VASc scoring systems by the addition of renal function, regardless of the 4 models used to add renal function to the risk scores, or method of estimating reclassification (i.e., NRI or IDI) ( Table 4 ). This was still evident even when the analysis was confined to only those patients with at least 1 year of follow-up (Online Table 4 ).
Discussion
In this study amongst a large "real-world" cohort of individuals with nonvalvular AF, we have shown for the first time that adding renal impairment to existing stroke risk stratification systems for IS/TE (CHADS 2 and CHA 2 DS 2 -VASc) did not independently add to the predictive value of these scores at 1 year of follow-up, whether it was defined by serum creatinine level or the eGFR or whether the analysis was confined to only those patients with at least 1 year of follow-up. Second, we show that renal impairment by both creatinine and eGFR definitions was associated with higher crude rates of stroke/TE at 1 year compared with those with normal renal function, but renal impairment was not independently associated with increased risk of stroke/TE at 1 year.
Although it has been well-recognized that renal impairment is a risk factor for IS/TE in AF patients, renal impairment has not been included in the CHADS 2 or CHA 2 DS 2 -VASc scores, due to lack of large prospective cohort data validating the additive value of renal impairment to these scores. Trial datasets would not answer this question, because severe renal impairment was often an exclusion criteria for clinical trials of IS prevention in AF. One highly selected cohort of AF patients undergoing ablation did suggest an additive value of renal dysfunction to Figure 2 Risk of Stroke/Thromboembolism With Renal Impairment
Results from Cox regression analyses. CHADS 2 ϭ congestive heart failure, hypertension, age Ն75 years, diabetes, previous stroke; eGFR ϭ estimated glomerular filtration rate.
NRI and IDI by Adding Renal Impairment to the CHADS 2 and CHA2DS 2 VASc Scores (30) . In the present larger study, we found no significant improvement in c-statistics, and in our analyses of reclassification, there was reduced specificity despite a slight increase in sensitivity, leading to no additional predictive value for IS/TE, when renal impairment (both by eGFR and serum creatinine level) was added to the CHADS 2 or CHA 2 DS 2 -VASc scores. On the basis of our analyses, renal impairment should not be added to the CHADS 2 or CHA 2 DS 2 -VASc scores during routine risk stratification of AF patients for IS/TE. Indeed, renal impairment is commonly associated with the various IS risk factors listed within the CHADS 2 or CHA 2 DS 2 -VASc scores; thus, the lack of an independent additive predictive value might perhaps be unsurprising.
In the present study, we confirm previous observations that renal impairment, whether defined by serum creatinine level or eGFR, was associated with a more severe risk factor profile in terms of comorbidities and higher risk of IS/TE as estimated by validated risk stratification scores, compared with normal renal function (14 -16) . The Cox regression analyses suggest that renal impairment is a contributing risk factor for IS/TE in AF overall, but due to small numbers of individuals with low or moderate risk (CHADS 2 or CHA 2 DS 2 -VASc scores of 0 and 1, respectively), the risk of IS/TE in these subgroups could not be conclusively studied in the present population. In the recent study by Olesen et al. (15) , adjusted HRs for risk of IS/TE associated with non-end-stage CKD (HR: 1.49; 95% CI: 1.38 to 1.59) and end-stage CKD requiring renal replacement therapy (HR: 1.83; 95% CI: 1.57 to 2.14) were comparable to the observations in our population. Indeed, observed event rates by renal function in the study by Olesen et al. (15) were also similar to the present study, consistent with the considerable risk of IS/TE in AF patients with renal impairment.
Anticoagulation with VKA is associated with a significant risk reduction for IS/TE among patients with renal impairment, but the increased risk of bleeding in the same patient group and inconclusive data with regard to indications for oral anticoagulation (OAC) complicate the decision to start VKA in AF patients with renal impairment (15, 28) . As previously noted, the novel oral anticoagulant agents are predominantly renally excreted, and there are limited data with regard to their use in (severe) renal impairment (15, 39) . Risk stratification schemes such as CHADS 2 or CHA 2 DS 2 -VASc scores are well-validated in the identification of patients at risk of IS/TE to guide the decision to initiate OAC (39) , and our data suggest that renal impairment need not be added to these scores. Study limitations. The limitations of this registry include the inherent limitations of diagnostic coding and case ascertainment, particularly if an enrolled patient moved away from the area or had an outcome event in another area. Most patients with IS/TE, as far as it is identified, are likely to be seen in 1 department of our institution and not in any other institution. It is possible that some patients had AF before our first recorded episode of AF. The nonrandomized cohort design does not exclude the possibility of residual confounding factors, despite statistical adjustment for several risk factors.
Also, there might be clinical differences between inpatients and outpatients, which would affect the generalizability of our findings to the outpatient setting or to AF diagnosed outside the cardiology department. Inpatients usually have an acute illness or decompensation of a chronic illness that leads to hospital stay. For example, heart failure, which impacts IS/TE risk in our study, might be underrepresented in an outpatient or primary care cohort. Patients with AF seen in the cardiology department were 53% of all AF patients seen in the institution and 82% of all AF patients seen in the several medicine departments of our institution.
The data with regard to VKA use only reflect baseline therapy and do not reflect any changes in prescribed therapies or adherence to therapy (which might have had multiple changes over time in a "real-world" cohort). Also, data with regard to the "time in therapeutic range" are not available for our study population. Because only baseline creatinine measurements and eGFR calculations are available, we are unable to comment definitively on changes or progression of renal impairment or the need for renal replacement therapy. For the latter, 44 (0.7%) patients had dialysis at baseline, whereas 131 (2.2%) had dialysis either at baseline or during follow-up, but a sensitivity analysis where these patients were excluded from the analysis made no difference to our observations (data not shown). Indeed, eGFR is probably the most important indicator of renal function to take into account, because OAC doses are usually lower in patients with CKD, and dose changes are more often necessary (40) .
In the Cox regression models and in subsequent testing of the additional value of eGFR to risk prediction of stroke/ TE, the eGFR categories of Ն60, 30 to 59, and Ͻ30 ml/min/1.73 m 2 were used to reflect the eGFR ranges most commonly used in clinical practice and to enable generalizability. Moreover, the analyses described were conducted to assess whether renal impairment (i.e., eGFR) could be added to existing risk prediction tools in a simple, useable manner. Thus, our analyses of NRI and IDI did not consider the effect of continuous increments of eGFR. In any case, eGFR was not associated with increased risk of IS/TE at 1 year, when considered as a continuous variable. The number of individuals with eGFR Ͻ30 ml/min/1.73 m 2 in the study population was small, and therefore the statistical power of analysis in this group might be limited. However, the proportion of individuals with low eGFR (30 ml/min/1.73 m 2 ) in our population (5.8%) is broadly consistent with other studies (e.g., 9.95% with eGFR Ͻ45 ml/min/1.73 m 2 in the ATRIA [Anticoagulation and Risk Factors in Atrial Fibrillation] study (14) ), suggesting that
